ENTRAL corpectomy has been shown to be an effective method for the treatment of CSM. Fusion of the decompressed segments involving a bone graft with or without a cervical plate is an integral part of the surgical strategy. Fusion of cervical segments following decompression has been postulated to produce an acceleration of degenerative changes at adjacent segments. 4 The authors of previous studies involving long-term follow up in cervical fusion-treated patients have documented evidence of adjacent-segment degeneration causing symptomatic radiculopathy and myelopathy; 2, 3, 5, 12 however, the adjacent-segment disease was not conclusively proven to be the result of the fusion. It is possible that the spondylotic adjacent-segment changes in these patients were not hastened by the fusion but occurred at the natural rate.
and inferior levels adjacent to the fused segment. One level remote from the fused segment (superior or inferior) was used as a control segment. The disc height and canal size were measured in millimeters by assessing comparable preoperative and follow-up midsagittal T 2 -weighted MR images of the cervical spine. The anteroposterior functional canal diameter was measured as the minimum sagittal diameter at the level of the disc space. The presence and severity of indentation of anterior and posterior subarachnoid spaces at these levels were noted. The extent of disc and ligament encroachment on the spinal canal were graded as mild (indentation of the subarachnoid space not reaching the cord), moderate (indentation reaching the cord but not deforming it), and severe (indentation of the cord causing deformation). The mean change in canal size and disc height at the adjacent superior or inferior level and one remote level were calculated. The mean change at the adjacent level was compared with that at the remote level, which served as the intrinsic control.
The sagittal alignment of the spine was studied on neutral lateral cervical radiographs acquired before surgery and at the follow-up visit. A line was drawn to join the posterior end of the inferior endplate of the C-2 VB and a similar point on the C-7 VB. If the intervening VBs were all ventral to this line, the spine was categorized as lordotic; if any VBs touched the line, then the spine was considered to be straight, and in a kyphotic spine one or more VBs would intersect the line.
Forty-four patients (43 men and one woman) were included in the study. The mean age at presentation was 46 years (range 31-66 years). Seventeen patients presented with Nurick Grade 3, 13 with Grade 2, nine with Grade 4, three with Grade 5, and two with Grade 1 function. Thirty-three patients underwent two-level corpectomy (C5-6 in 21, C4-5 in nine, C6-7 in one, and skip corpectomies of C-4 and C-6 in two). Eleven patients underwent a single-level corpectomy (C-5 and C-6 in five each and C-4 in one). The adjacent and remote segments studied are shown in Table 1 . The C3-4 and C7-T1 segments were the most common superior (59%) and inferior (65.9%) levels, respectively. The C2-3 level was the most commonly (61.4%) studied remote segment.
The Student t-test was used to compare means, and the chi-square and Fisher exact tests were used to compare proportions. A probability value of 0.05 or less was considered to be significant.
Results
The mean follow-up duration was 17.5 months (range 10-48 months). Symptoms in all but one patient improved following surgery. No clinical deterioration was seen in any patient. Nurick grades in 41 patients improved from 0 to 2 by final follow up. Of the two patients with preoperative Nurick Grade 4, status in one improved to Grade 3 and in the other it remained Grade 4. One patient in whom status was Grade 5 preoperatively experienced clinical improvement to Grade 4.
Qualitative Observations
On follow-up MR images, adjacent-segment changes were noted both ventrally and dorsally (Table 2 ). There were varying degrees of indentation of the ventral subarachnoid space caused by the posterior anulus of the disc and the PLL. The dorsal subarachnoid space indentation was produced by hypertrophy and buckling of the ligamentum flavum. Overall, indentations of the ventral or dorsal subarachnoid space were seen in 33 patients (75%). The indentations were classified as mild in 17 patients (38.6%), moderate in 10 (22.7%), and severe in six (13.6%). The degenerative changes were visualized at the superior segment alone in 11, inferior segment alone in 10, and in both segments in 12 patients. Anterior canal changes were seen in four, posterior canal changes in six, and anterior and posterior canal changes in 23 patients. The changes were therefore almost uniformly distributed both cranially and caudally, and anteriorly and posteriorly (Figs. 1 and 2), although changes in the posterior elements of the superior segment were seen in more patients (20 of 44) than in the other regions. No significant changes in signal intensity of the adjacent intervertebral discs were seen, however. The posterior indentations observed at the level of the compression on the preoperative images were absent on follow-up images in nearly all patients (Fig. 1) .
Evaluation of the remote levels revealed mild degenerative changes with mild indentation of the subarachnoid spaces in seven patients and moderate indentations in two patients (total nine [20.5%]) (Fig. 1) . Changes at the remote segment were seen in a proportionately smaller number of patients compared with those in whom indentations of the thecal sac developed at the adjacent segment (20.5 and 75%, respectively [p Ͻ 0.001]). In all but one of the nine patients in whom remote segments exhibited degenerative changes, the adjacent segments also showed thecal sac indentations. In 35 patients the remote segments remained unchanged from preoperative status.
Quantitative Observations
The changes in the disc height and the canal size were calculated for the remote segment (Table 3 ) and then compared with those at the adjacent segment (Table 4) . There was a significant decrease in canal size at the superior level (mean 0.93 mm [p = 0.006]) and at the inferior level (mean 0.81 mm [p = 0.07]) ( Table 4 ). The slight increase in disc height at the superior adjacent level was not significant. When data were analyzed for two-level corpectomy alone (33 cases) (Table 4) , the mean decrease in canal size at the superior level was 0.96 mm and was highly significant. Decreases in canal size at the inferior level and increases in disc height were not significant. When data for the 11 single-level corpectomies were analyzed (Table  4) , the decrease in canal size at both adjacent levels was significant, especially at the inferior level (p = 0.006). There was also statistically significant minimal increase in disc height at the lower level.
Sagittal Alignment
The sagittal alignment of the cervical spine underwent a kyphotic alteration (defined as a lordotic spine becoming straight or kyphotic or a straight spine becoming kyphotic) in 17 patients, whereas in 27 patients the preoperative spinal alignment was maintained (24 patients) or was improved (three patients) ( Table 5 ). The incidence of adjacent-segment spondylotic changes were compared in these two groups (with and without a kyphotic change). In 15 (88%) of 17 patients with kyphotic change and 18 (67%) of 27 without kyphotic change, adjacent-segment degenerative changes were present (p = 0.1, Fisher exact test).
Discussion

Plain Radiographic Studies
Although the authors of most studies on plain radiography have shown progression of degenerative arthritis at adjacent levels following ACF, 1, 5, 12 some have reported contrary results. 9 The authors of studies on dynamic radiograpy have demonstrated increased motion above and below the level of cervical fusion. 1, 6 In experimental studies on stresses on the adjacent segments and the motion at the adjacent segments following cervical fusion, investigators have also formed differing conclusions based on their findings. Maiman, et al., 13 reported that increased internal stress responses in the adjacent motion segments reflects the changes in the load sharing after ACF. Fuller, et al., 7 however, found a uniform increase in motion across the remaining open segments with no disproportionate motion-related increase in the segments adjacent to the fusion.
Neuroimaging of Adjacent-Segment Disease
The commonly observed MR imaging findings in patients with symptoms of adjacent-segment disease are intervertebral disc herniations and spinal malalignment in both superior and inferior directions, hypertrophy of yellow ligaments, and ossification of the PLL. 10 The rate of symptomatic adjacent-segment disease following ACF ranges from 8 to 25%. 5, 8, 11 Hilibrand, et al., 11 reported that the incidence of adjacent-segment disease was lower in multilevel fusion compared with single-level fusion. This rate is similar to ours; in patients who had undergone single-level corpectomy, there were more significant adjacent-segment changes than those who had undergone twolevel corpectomy. Several reasons may account for this finding. A C5-6 corpectomy was the most common twolevel corpectomy performed in our series. The lower adjacent level (C7-T1), being inherently less prone to degeneration, did not show any degenerative changes. On the other hand, in patients who underwent single-level corpectomy, C6-7 was the most common adjacent segment, because it is prone to degeneration, and this segment showed a highly significant decrease in canal size.
Even in asymptomatic patients who have undergone ACF, early follow-up MR imaging studies have revealed an increased incidence of adjacent-segment disc herniations in a significant proportion of patients.
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Present Findings
The following are unique features in our study of patients without symptoms of adjacent-segment disease: 1) evaluation of MR imaging changes in a short-term followup period, which partially avoids the confounding effect of the natural degenerative changes; 2) use of remote control intervertebral segments; and 3) quantitative assessment of the degenerative changes determined by measuring the disc height and spinal canal dimension.
Previously investigators used age-and sex-matched controls to study adjacent-segment degenerative changes in patients who had undergone ACF. Degenerative changes in the cervical spine, however, are highly variable and dependent on several factors other than age and sex. Therefore, the degenerative changes in cervical spines of age-and sex-matched individuals may not be an ideal control for comparison. We chose to use internal control segments remote from the fusion, but even this approach is partially flawed because some of these control segments are inherently stable and do not normally show degenerative changes. Thus, it is almost impossible to distinguish categorically natural degenerative processes from those provoked by the fusion of the adjacent segment. 5 Some observations in our study, however, indicate that fusion does accelerate spondylotic changes at the adjacent segments. The C3-4 level was affected only when it was adjacent to the fused segment, not when it was remote. Subarachnoid space indentation was significant even at the C2-3 level (a level seldom affected in spondylotic disease) when it was the adjacent segment.
Causes of Accelerated Degenerative Changes
It is speculated that because cervical spinal fusion provokes degenerative arthritis due to functional overloading of the spaces adjacent to the fusion, it increases the biomechanical stresses at these levels. 4, 13 Interestingly, no significant change was noted in disc height even at levels at which canal stenosis developed. This finding likely indicates that the compressive elements causing decrease in canal size are the PLL and the ligamentum flavum, at least in the early stages of the disease. The hypertrophy of these ligaments may be a consequence of increase in sagittal motion at the adjacent segments resulting from the lack of motion at the fused segment, rather than an increase in axial loading strain that might be expected to alter the disc height.
Another possible cause of the adjacent-segment spondylotic changes might be the kyphotic alterations that occur in the cervical spine after ACF. The kyphotic sagittal alignment may provoke acceleration of the degenerative processes, especially adjacent to the fused segments, because the kyphotic tendency is maximal at the fused segment. Although our analysis did not reveal a statistically significant difference in the incidence of adjacentsegment disease in patients with and without kyphotic cervical changes, there was a trend toward a higher incidence in those with kyphotic changes postoperatively.
Conclusions
In the present study we found that central corpectomy for CSM leads to a statistically significant decrease in canal size at adjacent levels. New degenerative changes were demonstrated at the adjacent segments on follow-up MR images in 75% of the patients studied, and in some of these cases the changes were recorded in normally stable segments such as C2-3.
